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METHOD OF FORMING A FLOATING GATE IN A FLASH 

MEMORY DEVICE 



5 BACKGROUND OF THE INVENTION 

Field of thg Invention 

The present invention relates to a method of forming a floating gate in a 
flash memory device, and more particularly, to a method of forming a floating 

10 gate in a flash memory device capable of improving a characteristic of a data 
flash memory device by removing a native oxide film within the interface of a 
first polysilicon film and a second polysilicon film, in such a manner that after 
the first polysilicon film is formed, a SiH4 gas is introduced to decompose the 
native oxide film, a N2 anneal process is implemented so that the decomposed 

15 a H2 gas and an O2 gas react to a N2 gas and are then outgassed, and a SiH4 gas 
and a PH3 gas are introduced to form the second polysilicon film. 

Packgronnd of the Related Art 

A floating gate of a data flash memory device of 0.1 15 (m consists of a 
20 dual polysilicon film of first and second polysilicon films. This plays an 
important role that electrons are moved by a mechanism such program, erase, 
etc. However, since the first and second polysilicon films are formed by an 
ex-situ process, a native oxide film is formed at the interface of the first 
polysilicon film and the second polysilicon film. 
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A method of forming the floating gate in the data flash memory device 
of 0.115 fm that has been currently developed will be described by reference 
to FIG. 1 A and FIG. IB. 

Referring to FIG. 1 A, a tunnel oxide film 12 and a first polysilicon film 
5 13 are formed on a semiconductor substrate 11. A nitride film 14 is then 
formed on the first polysilicon film 13. Next, the nitride film 14 is pattemed 
by a lithography process and an etch process using an isolation mask. The 
first polysilicon film 13 and the tunnel oxide film 12 are etched using the 
pattemed nitride film 14 as a mask. Thereafter, the exposed semiconductor 

10 substrate 11 is etched by a given depth, thus forming a trench. An oxide film 
15 is then formed on the entire structure so that the trench is buried. 

By reference to FIG. IB, after the oxide film 15 is polished, the nitride 
film 14 on the first polysilicon film 13 is etched to form an isolation film. A 
second polysilicon film 16 is then formed on the entire structure. Next, the 

15 second polysilicon film 16 and the first polysilicon film 13 are pattemed to 
form a floating gate. As the first polysilicon film 13 and the second 
polysilicon film 16 are not formed by a consecutive process, however, the 
native oxide fihn 17 exists at the interface of the first polysilicon film 13 and 
the second polysilicon film 16. 

20 As the floating gate is formed by the above process, the native oxide 

film exists at the interface of the first polysilicon film and the second 
polysilicon film. Due to this, there is a problem that electrons are trapped to 
the native oxide film when the device operates. Bit fail occurs in which the 
threshold voltage of the cell drops due to the electrons trapped to the native 
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oxide film. Furthermore, as the native oxide film serves as a parasitic 
capacitor, there occurs a phenomenon that the initially applied voltage is 
dropped. This degrades the overall uniformity in distributing the threshold 
voltage of the cell being an important parameter of the flash memory device, 
5 which results in degrading characteristics of the device. 

Meanwhile, if the process time until the second polysilicon film is 
formed after the surface of the first polysilicon film is cleaned is delayed, the 
thickness of the native oxide film is fiirther increased. The reason why the 
native oxide film is grown even after the surface of the first polysilicon film is 

10 cleaned is that it is difficult to complete remove a chemical oxide film since a 
small amount of the chemical oxide film remains due to chemical material 
even after the cleaning process is implemented. 

FIG- 2 is a graph illustrating relationship of the threshold voltage of the 
cell and number of the cell in an erase operation. In FIG. 2, cells at a portion 

15 indicated by "A" represent ones the threshold voltage of which is dropped. 
This is called "bit fail tail". 

FIG. 3 illustrates observation results on a SIMS profile in order to 
confirm a phosphorous doping profile depending on whether the surface of the 
first polysilicon film is cleaned. In FIG. 3, "A" represents a wafer on which 

20 an amorphous silicon film which not given a theraial budget is deposited. 
This represents that the phosphorous concentration within the second 
polysilicon film bulk is about 3.2E20 atoms/cc and phosphorous is not yet 
diffiised into the first polysilicon film. "B" represents that the surface of the 
first polysilicon film is cleaned. In case where the native oxide film at the 
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interface of the first and second polysilicon films is grown in thickness of 
about ISA, "B" represents that the concentration of phosphorous within the 
first polysiUcon film and the concentration of phosphorous within the second 
polysilicon film are almost same. "C" represents that the surface of the first 

5 polysilicon film is not cleaned. Since the native oxide film of over 30 A is 
grown at the interface of the first polysilicon film and the second polysilicon 
film, the concentration of phosphorous within the first polysilicon film is about 
5.6E19 atoms/cc and the concentration of phosphorous within the second 
polysilicon film is not more than 1.1 E20 atoms/cc that is a half of the 

10 concentration of phosphorous within the first polysilicon film. As described 
above, as the thickness of the native oxide film is increased at the interface of 
the first polysilicon film and the second polysilicon film, there is a significant 
difference in the phosphorous doping profile. 



15 S U MMARY or THE INVENTION 

Accordingly, the present invention is contrived to substantially obviate 
one or more problems due to limitations and disadvantages of the related art. 

An object of the present invention is to provide a method of forming a 
floating gate in a flash memory device capable of completely removing a 
20 native oxide film grown between a first polysilicon film and a second 
polysilicon film and thus improving the operational reliability of the device. 

Another object of the present invention is to provide a method of 
forming a floating gate in a flash memory device capable of completely 
removing a native oxide film within the interface of a first polysilicon film and 
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a second polysilicon film, in such a manner that after the first polysilicon film 
is formed, a SiH4 gas is introduced to decompose the native oxide film, a N2 
anneal process is implemented so that a H2 gas and an O2 gas of the 
decomposed native oxide film react to a N2 gas and are then outgassed, and the 

5 second polysilicon film is then formed. 

Additional advantages, objects, and features of the invention will be set 
forth in part in the description which follows and in part will become apparent 
to those having ordinary skill in the art upon examination of the following or 
may be leamed from practice of the invention. The objectives and other 

10 advantages of the invention may be realized and attained by the structure 
particularly pointed out in the written description and claims hereof as well as 
the appended drawings. 

To achieve these objects and other advantages and in accordance with 
the purpose of the invention, as embodied and broadly described herein, a 

15 method of forming a floating gate in a flash memory device according to the 
present invention is characterized in that it comprises the steps of forming a 
tunnel oxide film and a first polysilicon film on a semiconductor substrate, 
etching given regions of the first polysilicon film and the tunnel oxide film and 
then etching the exposed semiconductor substrate by a given depth, thus 

20 forming a trench, forming an oxide film on the entire stmcture so that the 
trench is buried, and then polishing the oxide film to form an isolation film, 
decomposing a native oxide film grown on the first polysilicon film, 
implementing an anneal process to outgas the decomposed material, and then 
forming a second polysilicon film, and patteming the second polysilicon film 
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and the first polysilicon film to form a floating gate. 

In another aspect of the present invention, it is to be understood that 
both the foregoing general description and following detailed description of 
the present invention are exemplary and explanatory and are intended to 
5 provide further explanation of the invention as claimed. 

B K T EF PKSCRTPT TO N OF THE DRAWINGS 

The above and other objects, features and advantages of the present 
invention will be apparent from the following detailed description of the 
10 preferred embodiments of the invention in conjunction with the accompanying 
drawings, in which: 

FIG. lA and FIG. IB are cross-sectional views of data flash memory 
devices for explaining a conventional method of forming a floating gate in the 
memory device; 

15 FIG. 2 is a graph illustrating relationship of the threshold voltage of the 

cell and number of the cell in an erase operation; 

FIG. 3 is a graph illustrating a phosphorous doping profile depending on 
whether the surface of the first polysilicon film is cleaned; 

FIG. 4A ~ FIG. 4C are cross-sectional views of flash memory devices 
20 for explaining a method of forming a floating gate in the memory device 
according to a preferred embodiment of the present invention; and 

FIG. 5 illustrates a process recipe for forming a second polysilicon film 
according to the present invention. 
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DET A ILED PE SC RJ P T IQ N O F THE PREFER REP E MP OPI M ENT 

Reference will now be made in detail to the preferred embodiments of 
the present invention, examples of which are illustrated in the accompanying 
drawings, in which like reference numerals are used to identify the same or 
5 similar peirts. 

FIG. 4A FIG. 4C are cross- sectional views of flash memory devices 
for explaining a method of forming a floating gate in the memory device 
according to a preferred embodiment of the present invention. FIG. 6 
illustrates a process recipe for forming a second polysilicon film according to 

10 the present invention. 

The method of forming the floating gate in the flash memory device will 
be now described by reference to FIG. 5 and FIG. 6. 

Referring to FIG. 4A, a tunnel oxide film 22 and a first polysilicon film 
23 are formed on a semiconductor substrate 21. A nitride film 24 is formed 

15 on the first polysilicon film 23. At this time, the first polysilicon film 23 is 
formed in thickness of about 300 -^700 A. Next, the nitride film 24 is 
patterned by means of a lithography process and an etch process using an 
isolation mask. After the first polysilicon film 23 and the tunnel oxide film 
22 are etched using the pattemed nitride film 24 as a mask, the exposed 

20 semiconductor substrate 21 is etched by a given depth, thereby forming a 
trench. An oxide film 25 is then formed on the entire structure so that the 
trench is buried. 

By reference to FIG. 4B, after the oxide film 25 is polished, the nitride 
film 24 on the first polysilicon film 23 is etched to form an isolation film. 



7 



Also, a cleaning process is implemented to minimize the native oxide film 
grown on the surface of the first poly silicon film 23. At this time, the native 
oxide film is not completed removed by the cleaning process and a chemical 
oxide film remains. The cleaning process is implemented using a HF 
5 solution, a diluted HF solution or RCA. Meanwhile, if the cleaning process 
is implemented using the HF solution, a hydrophobic surface may be formed 
while minimizing the growth of the chemical oxide film. If the cleaning 
process is implemented using RCA, generation of defects and particles could 
be minimized. 

10 Tuming to FIG. 4C and FIG. 5, in a state that the temperature and 

pressure of the reaction chamber are kept at 5 1 0 590 °C and 200 600mTorr, 
respectively, depending on the process recipe shown in FIG. 5, a SiH4 gas of 
about 0.1 1.9SLM is introduced and reacts for about 5 '^20minutes so that 
SiH4 and Si02 are decomposed according to [Chemical Equation 1]. In a 

15 state that the temperature and pressure of the reaction chamber are kept at 
750^ 950 °C and 100---300mTorr, respectively, a N2 gas of about 
0.1 ~ 1.9SLM is introduced and reacts for 5 '-20minutes so that a H2 gas and 
an O2 gas react to a N2 gas and are then outgassed according to [Chemical 
Equation 2]. Furthermore, in a state that the temperature and pressure of the 

20 reaction chamber are kept at 5 10-^ 590^0 and 200 600mTorr, a mixed gate 
of SiH4 and PH3 of 0.5 '^2.0SLM are introduced and reacts for 20 '^40minutes 
to form the second polysilicon film 26. The silicon film is regrown in 
thickness of 10 — 30 A on the first polysilicon film 23 by decomposition using 
the SiH4 gas and outgassing using N2 anneal. A total thickness of the second 



polysilicon film 26 becomes about 600-^2000 A by the mixed gas of the SiEU 
gas and the PH3 gas. Furthermore, the second polysiUcon film 26 and first 
polysilicon film 23 are patterned to form a floating gate. 
[Chemical Equation 1] 
5 SiH4 -> Si* + 2H2 

Si02 -> Si* + O 
[Chemical Equation 2] 
N2-> N*+N* 
N*+2H2 -> NH3 (outgassing) 
10 N* + O -> NO (outgassing) 



As described above, according to the present invention, after the first 
polysilicon film is formed, the SiH4 gas is introduced to decompose SiH4 and 
Si02 into Si and H2 and Si and O2, respectively, a N2 anneal process is 

15 implemented so that the decomposed H2 gas and O2 gas react to the N2 gas and 
are then outgassed, and the SiH4 gas and the PH3 gas are introduced to form a 
second polysilicon film. Therefore, the present invention has new effects that 
it can improve characteristics of a data flash memory device by removing the 
native oxide film within the interface of the first polysilicon film and the 

20 second polysilicon film. 

The forgoing embodiments are merely exemplary and are not to be 
construed as limiting the present invention. The present teachings can be 
readily applied to other types of apparatuses. The description of the present 
invention is intended to be illustrative, and not to limit the scope of the claims. 
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Many alternatives, modifications, and variations will be apparent to those 
skilled in the art. 
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